The Mammary Prevention 3 (MAP.3) placebo-controlled randomized trial in 4,560 high-risk postmenopausal women showed a 65% reduction in invasive breast cancer with the use of exemestane at 35 months median follow-up. Few differences in adverse events were observed between the arms, suggesting a promising risk:benefit balance with exemestane for use in chemoprevention. Yet, the MAP.3 design and implementation raise concerns regarding limited data maturity and not prospectively including key bone-related and other toxicities as study end points. Exemestane for prevention is juxtaposed against selective estrogen receptor modulators and the other aromatase inhibitors. Additional issues for prevention, including the influence of obesity, alternative dosing, and biomarker use in phase III trials, are addressed.
INTRODUCTION

Aromatase Inhibitors and Exemestane
Overall, 75% of breast cancers are estrogen receptor (ER) positive, with the percentage increasing with age (1). These ER-positive breast cancers are presumed to be dependent on estrogen for stimulation of cell proliferation. Although there is a better prognosis with ER-positive compared with ER-negative tumors, the frequency with which ER-positive tumors occurs is considerably higher, making them responsible for most breast cancer deaths. In contrast to selective estrogen receptor modulators (SERM), which interfere with estrogen action, aromatase inhibitors (AI) inhibit estrogen synthesis and offer an alternative approach to the treatment and potential prevention of ER-positive breast cancers. Two SERMs, tamoxifen and raloxifene, are both approved in the United States for breast cancer risk reduction in women at increased risk, with raloxifene approval being restricted to postmenopausal women. Two additional SERMs, lasofoxifene and arzoxifene, have been shown in phase III trials to reduce the incidence of breast cancer (2) (3) (4) . Despite their approval, the toxicities of tamoxifen and raloxifene as perceived by patients and their primary care physicians have interfered with their acceptance in the community by healthy women who might benefit from their risk-reducing properties. Furthermore, the preventive benefits of these two SERMs do not extend to all breast cancers, with at least 50% of ER-positive and 100% of ER-negative cancers not benefiting from these estrogen-targeting agents. The need for drugs with the ability to reduce the risk of a larger spectrum of breast cancers, together with the concern about the undesirable risk:benefit balance of tamoxifen and raloxifene, has prompted a search for alternative pharmaceutical approaches to prevent this disease. Given this backdrop, the emerging evidence for preventive properties of AIs in the form of reduced primary contralateral breast cancers in adjuvant trials has stimulated interest in testing each of the latter agents for primary breast cancer prevention in phase III trials. In contrast to the increased risk of endometrial cancer (tamoxifen) and thromboembolic disease (both SERMs, with less risk with raloxifene than tamoxifen), AIs were anticipated and ultimately shown to elicit adverse effects related to estrogen deficiency, particularly thinning of bone and consequential fractures. in humans, with all three third-generation AIs displaying comparable toxicity in bone. Following 2 years of treatment with exemestane, postmenopausal women with early breast cancer showed a modest increase in bone loss from the femoral neck, but not from the lumbar spine (11) . Exemestane administered for 1 year to healthy postmenopausal women resulted in reversible bone resorption, as indicated by increases in N-telopeptide, but without comparable changes in bone-specific alkaline phosphatase or BMD (12) .
Adjuvant Trial Data with AIs
The three AIs have been tested in definitive phase III adjuvant trials, each of which used a different study design (13) . The value of these adjuvant trials for prevention is in their inclusion of new primary breast cancers in the contralateral breast as secondary end points (Fig. 2) . Individual adjuvant trials and the results of a meta-analysis are included in Figure 2 . Criteria for inclusion of an article in the meta-analysis were as follows: (i) it had to be the principal and most updated published report of a clinical trial (highest mean/median follow-up time) evaluating treatment with AIs as adjuvant treatment in postmenopausal women All three third-generation AIs-anastrozole, letrozole and exemestane-are extremely potent in inhibiting conversion of androgens to estrogens by aromatase; at clinical doses all three inhibit the enzyme by more than 97% (5) . Despite subtle differences in activity (5, 6) , the three AIs exhibit comparable efficacy in the clinical setting (7) . Exemestane, originally developed in Milan, Italy, by Farmitalia Carlo Erba as FCE 24304 (8) , differs from the other two thirdgeneration AIs; it has a steroidal structure ( Fig. 1 ) and does not impair aromatase's production of estrogen via a competitive inhibition mechanism but, rather, binds irreversibly to the enzyme (8) . The steroidal nature of exemestane suggested that it might behave like a weak androgen in bone so as to counteract the resorptive effect of estrogen depletion (9) . The expected result would thus be less bone toxicity than seen with anastrozole and letrozole. Preclinical data from ovariectomized rats administered exemestane showed improvements in several biomarkers of bone strength [bone mineral density (BMD), bone histomorphometry, and bone resorption markers] (9, 10). Although promising as the single third-generation AI to avoid major bone toxicity, the animal findings have not been validated in clinical trials 
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was computed as a combined OR with 95% CI, pooling the study-specific estimates (HRs or ORs) using randomeffects models fitted by using SAS (Proc Mixed) with maximum likelihood estimates.
The Arimidex (Anastrozole), Tamoxifen Alone or in Combination (ATAC) trial showed at a 100-month median follow-up a significant 40% reduction (HR = 0.60; 95% CI, 0.42-0.85) in contralateral breast cancers with anastrozole compared with tamoxifen (24) . Letrozole was examined in the adjuvant setting in the Breast International Group (BIG) 1-98 trial comparing the AI to tamoxifen directly or in sequence in a four-arm trial (14, 25) . Again, contralateral breast cancers were less frequent with letrozole than tamoxifen (0.6% of women administered letrozole vs. 1.1% of women administered tamoxifen) at a median followup of 51 months (14) . In the National Cancer Institute of Canada (NCIC) Mammary (MA)-17 trial for earlystage breast cancer, a different study design randomizing women to extended adjuvant treatment with letrozole versus placebo following 5 years of tamoxifen treatment also supported the benefit of the AI by showing a relative reduction of 46% in contralateral breast cancers after a median of 2.4 years of letrozole treatment (15) . Similarly, at a median follow-up of 55.7 months the Intergroup Exemestane Study (IES) showed that contralateral breast cancers were significantly reduced when treatment was switched to exemestane after 2 to 3 years of tamoxifen compared with a full 5 years of tamoxifen, with an HR of with early breast cancer; (ii) it had to be independent from other reports to avoid giving double weight to estimates derived from the same study; (iii) it had to have sufficient information to allow adequate estimation of the HR and/ or OR and 95% CIs (i.e., crude data: number of events by arms or adjusted estimates and SEM, CIs, or P values) to estimate contralateral breast cancer risk under treatment with AIs compared with any other treatment or placebo. A total of 14 reports on 10 clinical trials (refs. 14-23; Fig. 2 ) were retrieved and checked for relevance in terms of intervention, population studied, and reporting of contralateral breast cancer incidence data. The TEAM (22) study was not included because contralateral cancer incidence data were not available. Data on the ITA study were retrieved from the first study report published (21) because in the most recent article (23) information on contralateral breast cancer events per arm was not available. Because contralateral breast cancer events in the ABCSG-8 study were not retrievable in the literature but only in combination with the very similar ARNO study in the report by Jakesz et al. (18) , results from these two studies were considered in combination in a single cancer risk estimate.
For each of the clinical trials selected, we extracted HRs and their 95% CIs from the published articles, or, when a time-to-event risk estimate was not available, we calculated ORs by considering the number of contralateral breast cancer events per arm. Association between AIs and contralateral breast cancer incidence across selected studies 
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Key baseline characteristics, including median age, breast cancer risk factors and risk level, prior therapy with hormonal and bone drugs, and BMD, were equally distributed between the exemestane and placebo arms (Table 1 ) (33) . Regarding the primary endpoint, 43 invasive breast cancers were observed, with a cumulative incidence of 11 in the exemestane arm and 32 in the placebo arm, reflecting an annual incidence of 0.19% and 0.55%, respectively, and an HR of 0.35 (95% CI, 0.18-0.70; P = 0.002). The benefit was seen only for ER-positive tumors: 7 (0.12%/year) with exemestane and 27 (0.46%/year) with placebo, with an HR of 0.27 (95% CI, 0.14-0.60; P < 0.001). Importantly, ERnegative tumors showed no benefit or adverse effect from exemestane compared with placebo (HR = 0.80; 95% CI, 0.21-2.98; P = 0.74). Invasive tumors combined with DCIS also showed a significant reduction with exemestane versus placebo (HR = 0.47; 95% CI, 0.27-0.79; P = 0.004), but the incidence of DCIS alone was not reduced with exemestane relative to placebo (HR = 0.65; 95% CI, 0.28-1.51; P = 0.31). Similarly, the combined category of intraepithelial neoplasia (IEN) subtypes including ADH, ALH, and LCIS was not significantly reduced with exemestane (HR = 0.36; 95% CI, 0.11-1.12; P = 0.08). To prevent one case of invasive breast cancer, the number needed to treat (NNT), a widely used measure of treatment benefit (34), with exemestane was 94 over 3 years and projected to be 26 over 5 years. These projections must be viewed with caution, however, given the fact that MAP.3 included few women who completed a full 5 years of therapy and the median follow-up was considerably less than 5 years.
Adverse symptoms and events were noted in 88% of women treated with exemestane and 85% of women taking placebo, reflecting a significant difference between the groups (P = 0.003). Musculoskeletal events and menopausal symptoms were prominent among the observed toxicities. Arthritis was observed in 11% of women in the exemestane group and 9% in the placebo group (P = 0.01), joint pain in 30% in the exemestane group versus 27% in the placebo group (P = 0.04), and muscle pain in 7% in the exemestane group versus 9% in the placebo group (P = 0.01). Yet, clinical skeletal fractures and new-onset osteoporosis were not reported to be more frequent with exemestane compared with placebo during the course of 0.57 (95% CI, 0.33-0.98; P = 0.04) (16) . Other trials using these AIs confirm the benefit of the AI relative to the SERM comparator arm with respect to contralateral breast cancer risk reduction. A meta-analysis of 9,000 patients participating in all available trials of AIs versus tamoxifen indicated a 35% reduction in contralateral breast cancer in the arm involving a switch to an AI after 2 to 3 years of tamoxifen treatment compared with the arm treated with tamoxifen for the full course of the trial (26) .
Toxicity as a result of exemestane treatment in the adjuvant setting primarily involves bone and musculoskeletal events. An analysis of a 206-participant subgroup in the IES trial reported at a median follow-up of 58 months revealed a rapid decline in BMD from baseline during the first 6 months following the switch from tamoxifen to exemestane: 0.051 g/cm 3 (2.7%; 95% CI, 2.0-3.4; P  0.0001) at the lumbar spine and 0.025 g/cm 3 (1.4%; 95% CI, 0.8-1.9; P  0.0001) at the total hip (27) . This finding contrasts with the finding of the tamoxifen-only arm, in which no statistically significant changes in BMD were observed. At a 55.7-month median follow-up, with a median exposure to exemestane of 30 months, the parent IES trial results showed a total of 277 patients with fractures, 162 (7%) and 115 (5%) patients in the exemestane and tamoxifen arms, respectively (OR = 1.45; 95% CI, 1.13-1.87; P = 0.003) (16, 27 
NCIC Mammary Prevention 3 Trial
The reduction in contralateral breast cancer as a secondary end point in the AI adjuvant trials strongly suggested that AIs have potential to prevent breast cancer in healthy high-risk women, possibly to an even greater extent than SERMs. Inspired by such contralateral breast cancer findings in the IES trial, the developers of the Mammary Prevention 3 (MAP.3) trial designed it to test the hypothesis that exemestane would decrease the incidence of invasive breast cancer in high-risk women. To be eligible, a woman had to be postmenopausal, have a Gail risk score ≥1.66% for developing breast cancer within 5 years, or have a prior history of atypical ductal hyperplasia (ADH) or atypical lobular hyperplasia (ALH), lobular carcinoma in situ (LCIS), or prior ductal carcinoma in situ (DCIS) treated with mastectomy ( Fig. 1 ).
Design and Implementation
The initial plan for MAP.3 was to randomize 5,100 increased-risk postmenopausal women to 25 mg/d of exemestane + 400 mg/d of celecoxib versus 25 mg/d of exemestane versus placebo for a total of 5 years (28) (Fig. 1) . The rationale for including celecoxib was prior observations of overexpression of cyclooxygenase-2 (COX-2) in both premalignant and invasive breast cancer lesions, together with epidemiologic data suggesting a reduction in breast cancer in women treated with COX-2 inhibitors (29, 30 increase was observed in ER-negative cancers with exemestane treatment relative to placebo (Table 1) , and a favorable trend toward a decreased incidence of HER2-positive cancers was noted with the drug compared with placebo. In addition, the treatment arm showed only one-third the number of node-positive breast cancers compared with the placebo group.
Toxicity with exemestane in MAP.3 was moderate, as expected based on data generated in the adjuvant trials using AIs. New-onset osteoporosis, fracture rate, and musculoskeletal complaints (arthralgia, myalgia, tendinitis, carpal tunnel syndrome), which were elevated in the adjuvant trials, were either not increased or increased to a lesser extent with exemestane in MAP.3. Measurements using the SF-36 as well as the MENQOL scores indicated that overall healthrelated quality of life did not differ between the exemestane and placebo groups. This finding in the face of increased adverse side effects in some of the musculoskeletal-related categories is promising.
Strengths
The MAP.3 trial is the first definitive study addressing the effect of an AI as a primary preventive intervention for breast cancer in high-risk women. The importance of the MAP.3 findings is highlighted by the fact that more than three-fourths of breast cancers are ER positive, accounting for the majority of breast cancer-related deaths this trial. Endocrine side effects seen in excess with exemestane versus placebo consisted of hot flashes (40% vs. 32%, respectively; P < 0.001), fatigue (23% vs. 21%, respectively; P = 0.03), and insomnia (10% vs. 8%, respectively; P = 0.04). Diarrhea and nausea were also significantly elevated with exemestane compared to placebo (5% vs. 3% and 7% vs. 5%, respectively). No significant difference was seen in cancers other than breast cancer. Although most toxicity was reported to be grade 1 or 2, a substantial number of cases of hot flashes, musculoskeletal arthritis, and joint pain were scored as grade 3 (33) . This high degree of discomfort is of concern because it could potentially impair compliance with long-term preventive use of exemestane by healthy women.
Participants were queried regarding health-related Physical and Mental Component Scores (SF-36) and menopause-specific quality-of-life (MENQOL) elements. No overall differences between the two groups were noted, despite exacerbation of menopausal symptoms with exemestane versus placebo.
CRITIQUE OF MAP.3
Reassuring Outcomes
Several reassuring outcomes emerged from the MAP.3 trial. Among the incident invasive breast cancers, no (Table 2 ) (1). The contralateral breast cancer data from the adjuvant IES trial provided a strong rationale for MAP.3, which built on these contralateral breast data by posing the parallel question for first primary breast cancers as a primary endpoint. Furthermore, the steroidal structure of exemestane suggested that it might have androgenic properties that could potentially counteract any antiestrogenic properties in bone (10) and possibly even on sexual function and menopausal symptoms. The data on the anticipated benefits in bone are inconsistent, however, with clinical data generally not reflecting the positive results in animals (11, 12) .
The strongest feature of the MAP.3 trial design is that it follows a prospective randomized double-blind placebocontrolled design. The eligibility criteria, which centered on age, elevated 5-year Gail model risk, and prior diagnosis of IEN, were anticipated to enrich the participant cohort for women at increased risk of breast cancer and were comparable with criteria used in prior primary prevention trials.
A major advantage to the risk-reducing properties of exemestane is the relatively small NNT to prevent one breast cancer (94 at 3 years, with a projection of 26 at 5 years), although, as discussed previously, the short follow-up in MAP.3 necessitates caution in applying these projections. This compares favorably with the SERMs tested for primary prevention in the NSABP P-1 tamoxifen (35) and Continuing Outcomes Relevant to Evista (CORE) raloxifene (36) trials, in which NNT is approximately 70 (Fig. 3) ; compare to tamoxifen for recurrence with NNT = 8; ref. 37). In the NSABP P-1 trial, the highest-risk women, those with a history of ADH, who benefited more than any other risk class from tamoxifen, showed a 5-year NNT of 25. In the cardiovascular realm, where pharmaceutical prevention is widely accepted, NNT with the lipid-lowering drug rosuvastatin was 25 for prevention of myocardial infarction, stroke, and related disease outcomes (38) . This NNT value was comparable with the values previously reported for other statins in a similar primary prevention setting (5-year NNTs ranging from 40 to 70). Thus, in terms of NNT to prevent the disease outcome of interest, breast cancer, exemestane is comparable with the most cost-effective interventions that are widely utilized in current practice. An argument commonly used to challenge the validity of primary prevention of cancer with drug interventions is that an unacceptably large number of individuals must be treated in order to prevent a single cancer. Ironically, the most commonly used preventive agent, aspirin, has an NNT in the range of 300 to 400 in order to prevent a single cardiovascular disease outcome in the primary prevention setting (38, 39) .
Weaknesses
Approximately 40% of participants exhibited an increased 5-year Gail model risk with only a small percentage eligible by virtue of biopsy findings, leaving the majority of women entered into MAP.3 based on age only. The median age in this study was 62.5 years, implying a median risk at baseline that is only slightly above minimum for eligibility. Implicit in the MAP.3 eligibility requirements is that women age 60 and above without a 5-year Gail risk ≥1.66% could also enter this trial and likely contributed to the lower overall risk level of trial participants (2.3% median 5-year Gail risk score) compared with prior phase III prevention trials (Table 3 ). The actual outcomes in MAP.3 showed an annual incidence rate of 5.5 per 1,000 women in the placebo arm. By contrast, the incidence rate was 6.8/1,000 in the NSABP P-1 (40) and 6.7/1,000 in the IBIS-I (41) malignancies had occurred, the results would have informed clinical practice to a greater extent. In this sense, MAP.3 is an excellent large proof-of-principle prevention trial. The short 35-month duration of this trial also leaves unanswered questions about long-term toxicity, which in a prevention setting is as important as efficacy. Concerns about long-term toxicity are twofold. First, a drug or its biologic effects may accumulate over time, resulting in toxic effects not seen early in the treatment period. Second, and more important, noncritical but bothersome toxicities such as musculoskeletal events, hot flashes, and fatigue, all of which were significantly elevated with exemestane in the MAP.3 trial, are likely to lead to noncompliance. This is especially true among healthy women who are less motivated to adhere to drug therapy in the face of adverse side effects than are women with cancer. The short follow-up with unblinding also allows for the availability of the intervention drug exemestane to women on the placebo arm, such that further posttrial follow-up will suffer from contamination, diminishing the difference between the arms.
WHERE DO THE MAP.3 DATA FIT INTO CURRENT KNOWLEDGE OF AGENTs FOR bREAsT CANCER PREVENTION?
Exemestane and AIs Compared to SERMs for Primary Prevention of Breast Cancer
A 5-year intervention with SERMs (tamoxifen, raloxifene) is associated with an approximately 40% reduction of invasive breast cancer overall at 10 years (45, 46) . When combined, the data from the four phase III tamoxifen-versus-placebo prevention trials show that the risk of breast cancer is reduced by nearly 40% (45) , that is, 38% (95% CI, 28-46; P < 0.0001) when analyzed by a fixed-effect model (45) , with a 48% (95% CI, 36-58; P ≤ 0.0001) reduction in ER-positive and no effect on ER-negative breast cancers (45) ( Table 3) . When trials of raloxifene in women with osteoporosis, including the Multiple Outcomes of Raloxifene Evaluation (MORE), CORE, and Raloxifene Use for the Heart (RUTH) trials, were subjected to a meta-analysis, a 59% reduction in ER-positive breast cancer (RR = 0.41; 95% CI, 0.27-0.62) was demonstrated (46) . However, direct comparison between tamoxifen and raloxifene in the STAR trial showed a greater efficacy of tamoxifen (42, 43) . A substantial risk reduction has also been observed with lasofoxifene (HR = 0.21; 95% CI, 0.08-0.55; P = 0.001) (2, 3) and arzoxifene (HR = 0.44; 95% CI, 0.26-0.76; P < 0.001) (4). Compared with the U.S. Food and Drug Administration (FDA)-approved SERMs, the MAP.3 data suggest considerably greater efficacy with the AI exemestane for cancer prevention, with a 65% reduction in risk of invasive breast cancer and a 73% reduction in risk of ERpositive breast cancer in high-risk women (33) . This striking advantage of exemestane over the two FDA-approved SERMs concurs with the results of a combined analysis of adjuvant trials of all three AIs that shows an overall reduction in ER-positive contralateral breast cancers of 40% to 50% with AIs over and above tamoxifen (47) . In view of the enlarges the eligible population, allowing for rapid recruitment, it lowers the global risk level, potentially attenuating the event rate and ultimately the HR between the two arms.
As justification for reliance on a placebo comparator, the MAP.3 authors interpret the 2002 ASCO Technology Assessment of drugs for breast cancer risk reduction as concluding that tamoxifen lacks global health benefits [the Study of Tamoxifen and Raloxifene (STAR) (42, 43) was not yet completed when this assessment was published] and leading to the recommendation that future trials include a placebo as the comparator arm. Yet, the actual wording in the 2002 assessment merely states that placebo controls are appropriate, leaving open as reasonable selection of an active preventive agent as a comparator for the experimental intervention (44) . The actual reason that investigators, including those conducting MAP.3, have chosen to compare their experimental risk-reducing agents to inactive placebo is that a noninferiority trial, as was done with the STAR trial (42, 43) , requires a very large participant cohort size, with the consequent cost in monetary and human resources.
A key weakness in MAP.3 was the failure to prospectively incorporate into the study design a systematic reporting of critical bone endpoints, such as new-onset osteoporosis and fractures. As a result, recording of these adverse outcomes relied on self-reporting that an event occurred and possibly self-reporting regarding the nature of the event. Furthermore, although all radiographic reports were said to have been reviewed centrally (33), it is not clear whether routine central review was carried out for reports of either dual-emission X-ray absorptiometry (DXA) scans or radiologic images of fractures. Even if such review took place, the driving force behind obtaining these reports and images relied on participant self-reporting, which may introduce bias and certainly is subject to underreporting. Although the required on-study DXA scans revealed a baseline level of osteoporosis of about 13%, newonset osteoporosis during the study was reported to be approximately 1.5%, with no difference between the arms. Similarity between the two arms was also seen in the comparable percentages of women who were reported as newly receiving bisphosphonates. The prevalence of new osteoporosis was unexpectedly low compared with data from the IES (7.3% with exemestane at a 55.7-month median follow-up) (16) . This low level is likely to be the result of a lack of structured recording of this important side effect, leading to underreporting with possible ascertainment bias. Furthermore, the quality-of-life (QOL) measures (SF-36, MENQOL) may not adequately capture the full musculoskeletal symptom-related experience of women taking exemestane in MAP.3.
The major problem with the 2011 report of the MAP.3 trial is the lack of maturity of the data. Even though the statistical design technically allowed for a minimum of 38 invasive breast cancer events, giving an estimated HR of 0.35, to determine significance for the primary endpoint, from a clinical perspective this absolute number of events is of limited relevance. Had the trial been designed to continue until a clinically more meaningful number of breast Cancer Research. levels of hormones and lipid profiles, and endometrial biopsies. As of October 13, 2011, 6,564 eligible women had been randomized, and the plan is to complete accrual at the end of 2011. The results of the IBIS-II trial are eagerly anticipated, because they will provide a comparator to the exemestane data generated by MAP.3. In both trials, however, the lack of a comparator arm utilizing a proven risk-reducing agent deprives researchers of the ability to evaluate the new, promising breast cancer prevention agents against the FDA-approved SERMs.
Clinical Use of Biomarkers in Cancer Prevention Trials: Early Selection of Responders versus Nonresponders
Biomarkers of risk and as surrogates for clinical outcomes have routinely been incorporated into the design of the smaller phase II prevention trials (49, 50) . Initial forays are being made into the incorporation of surrogate endpoint biomarkers (SEB) into phase III trials, as seen in the IBIS-I tamoxifen-versus-placebo trial (51) , in which the biomarker endpoint of mammographic density was retrospectively analyzed in a nested case-control study (52) . When compared with all the women in the placebo group, the 46% of women treated with tamoxifen who experienced a ≥10% reduction in breast density over 12 to 18 months exhibited a 63% reduction in risk of breast cancer (OR = 0.37; 95% CI, 0.20-0.69; P = 0.002). By contrast, those who were treated with tamoxifen but experienced less than a 10% reduction in breast density exhibited no risk reduction (OR = 1.13; 95% CI, 0.72-1.77, P = 0.60). Though relatively short, the time frame of the mammographic density response allowed prediction of the actual clinical endpoint of interest, invasive breast cancer. In much the same manner, SEBs, as validated biomarkers of response, could be incorporated prospectively into phase III trials to document early response to the drug or other intervention. In this manner, the biomarker could be used to indicate who at an individual level actually responds to an already approved agent. The goal is to screen eligible women for short-term biomarker response to confirmed agents, thereby avoiding prolonged administration of a preventive drug, with possible adverse sequelae, to individuals predicted not to benefit from it.
Dose, Schedule, and Duration of Therapy
The optimal biologic dose remains a poorly investigated component of preventive therapy, generally having been imported from treatment trials or trials addressing noncancer endpoints. Lower, presumably less toxic, but equally efficacious doses have been implemented in phase II trials. DeCensi and colleagues have shown that low-dose tamoxifen (1 mg/d, 5 mg/d, or 20 mg/wk) compares favorably with the standard 20 mg/d dose in terms of downward modulation of Ki-67 in breast cancer tissue (53) , several blood biomarkers [including insulin-like growth factor-I (IGF-I), low-density lipoprotein (LDL), and ultrasensitive C-reactive protein (53, 54) ] and mammographic density (54, 55) . In an observational study addressing clinical endpoints, low-dose tamoxifen (either 5 mg/d or 20 mg/wk) was associated with benefit already conferred by tamoxifen, these data suggest a net benefit with the AIs of 70% to 80% reduction in new primary ER-positive cancers in the contralateral breast relative to no treatment.
The additional advantage that AIs in general have over SERMs is their relative lack of adverse side effects. Despite the adverse effect of estrogen depletion on BMD, fracture rate, and musculoskeletal symptoms, the global balance between benefits and toxicities generally supports the use of AIs over tamoxifen for breast cancer treatment and prevention. This is seen in the QOL analyses in the MAP.3 trial. Also in the ATAC trial at 68 months median follow-up, the Global Index of the Women's Health Initiative (HR = 0.85; 95% CI, 0.77-0.94; P = 0.001) and the Global Index of Disease-Free Survival and Serious Adverse Events (HR = 0.88; 95% CI, 0.82-0.94; P = 0.0004) both favor anastrozole over tamoxifen as a result of significantly fewer events in the anastrozole arm (48) . This evidence for a superior benefit:toxicity balance for AIs over tamoxifen must be taken with caution, however, given the subjectivity inherent in weighing the importance of different toxicities against each other.
Implications for Research
Trials of Other AIs Needed to Confirm MAP.3 Results
Although the MAP.3 data are promising, the institution of AIs for primary breast cancer prevention requires confirmatory results from additional phase III trials. A second AI, anastrozole, is currently being tested in the International Breast Cancer Intervention Study-II (IBIS-II) for its ability to reduce the risk of invasive breast cancer in postmenopausal women at increased risk of disease. The overall IBIS-II design comprises two independent "arms," one testing anastrozole in comparison with tamoxifen in women with DCIS and the other, a close parallel to the MAP.3 study, testing this AI versus placebo in postmenopausal women at increased risk of breast cancer. The eligibility criteria for this "high-risk" portion of IBIS-II are similar to those used in IBIS-I, including risk based on family history, history of benign breast biopsies, LCIS and/or atypical hyperplasia, and nulliparity. All women must be age 35 to 70 years and postmenopausal. Exclusion criteria include a DXA T score < −4 or more than two fragility fractures. An important addition is eligibility based on high breast density (increased density in >50% of the breast), a recently established risk factor for developing invasive disease. Concern about anticipated bone toxicities led to inclusion of a prospectively designed supplementary bone study in women on both the placebo and the anastrozole arms. Based on baseline DXA scan measurements, 1,000 women are being entered into three groups: (1) those who do not receive the bisphosphonate risedronate (BMD > −1.5); (2) those who will be randomized to placebo versus risedronate (BMD of −1.5 to −2.5); or (3) those who will be administered risedronate (BMD < −2.5). Additional supplementary studies will examine issues of cognitive function and QOL, DCIS pathology, genetic studies in blood lymphocytes, serum application of AIs to cancer prevention requires that future prevention trials incorporate into their design an investigation of the impact of adjusting AI dose to BMI so as to optimize efficacy and toxicity outcomes.
Communicating Prevention Trial Results to High-Risk Women and Their Physicians
The MAP.3 data offer another example of evidencebased testing of a putative preventive agent for cancer. For breast cancer, comparable evidence-based data have been generated for tamoxifen (40) and raloxifene (42) in high-risk women. Despite such strong evidence and FDA approval in the United States of both agents for risk reduction of breast cancer, and their endorsement for this purpose in specific categories of women by the American Society of Clinical Oncology Clinical Practice Guidelines committee (72) , the acceptability of these drugs to the community of high-risk women and their primary care physicians has been low (73) (74) (75) . The limited uptake of drug interventions for prevention in oncology has been attributed primarily to concern about drug toxicities, particularly with tamoxifen, and a perceived unfavorable balance between risks and benefits. A restrictive list of attributes (being premenopausal, limiting the options to tamoxifen; very high risk due to a history of ADH, LCIS, or DCIS; not at risk of and no history of thromboembolic disease; and hysterectomy if postmenopausal) are regarded as contributing to a favorable risk:benefit balance, making a woman a good candidate for preventive drug therapy (76) , but these complex issues may be challenging to address in a routine office visit.
This reluctance is compounded by the absence of experience with oncology drugs among the internists, gynecologists, and family practitioners who generally manage high-risk women, but who may be hesitant to prescribe tamoxifen, which they perceive as a "cancer drug" with challenging side effects. These explanations for the low uptake in community practice of proven preventive approaches have also been noted in studies of psychologic and clinical factors contributing to the willingness of women to participate in clinical trials of preventive tamoxifen (77) .
IMPLICATIONs FOR PREVENTIVE CARE
The results of the MAP.3 trial strongly support integrating the AI exemestane into the armamentarium of breast cancer risk-reducing agents. Currently, tamoxifen is the standard for premenopausal women, given the lesser tamoxifen toxicity in this group. Based on the relative safety profiles observed for tamoxifen and raloxifene in the STAR trial data (42, 43) , raloxifene might be considered the standard in postmenopausal women. However, the update of STAR showed raloxifene to retain only 76% of the effectiveness of tamoxifen for preventing invasive breast cancer (43) . Exemestane not only joins raloxifene as an acceptable preventive intervention in these postmenopausal highrisk women but also, based on the MAP.3 data, shows clear advantages in terms of efficacy and possibly toxicity for use in this population. The crucial issue at this juncture is improved disease-free survival in women treated surgically for ductal IEN that was ER positive (56) .
Early dose-finding studies examined changes in levels of estrogen and other hormones in response to exemestane doses including 0.5, 1.0, 2.4, 5, 12.5, and 25 mg/d (57, 58) . Although some estrogen suppression has been seen at all doses, maximum inhibition of estrogen production occurs at 25 mg/d or 10 mg/d depending on the study (59, 60) , while the lowest doses tested, 0.5 and 1.0 mg, do not adequately suppress circulating estrogens (58) . Based on these historical observations, future prevention trials of exemestane should explore more thoroughly the pharmacologic and pharmacodynamic effects of doses lower than the standard 25 mg/d used in MAP.3 and in the treatment setting. Similarly, schedule and duration of therapy remain unexplored. These temporal components are particularly important in the prevention setting where long-term uninterrupted use may increase toxicity in healthy individuals.
Interaction of Obesity with AI Effects
Dose modulation of AIs assumes importance when results of AI trials are analyzed in terms of obesity. Obesity is a known risk factor for breast cancer, particularly ERpositive cancer (61) , as well as recurrence and decreased survival in postmenopausal women with breast cancer (62) (63) (64) . These associations are thought to be due to increased adipose tissue coupled with excess aromatase in the adipose tissue of obese women (65, 66) , accounting for the higher circulating estrogen concentrations observed in these women (67) . The elevation of aromatase, in turn, appears to be related to increased levels of proinflammatory mediators, including TNF-α, interleukin-1β, COX-2 activity, and the accumulation of crownlike structures consisting of necrotic adipocytes surrounded by macrophages in the adipose tissue, including breast adipose tissue, of obese women (68) .
In the ATAC trial, a significantly higher rate of breast cancer recurrence was observed in women with a high body mass index [(BMI) >35 kg/m 2 ) compared with those with a low BMI (<23 kg/m 2 ), with an HR = 1.39 (95% CI, 1.06-1.82; P heterogeneity = 0.03) (69) . Furthermore, although overall anastrozole was associated with a 27% lower rate of recurrence than tamoxifen (HR = 0.73; 95% CI, 0.63-0.83; P < 0.001) and decreased recurrence with the AI was seen at all BMI levels, aromatase inhibition at the administered dose (1 mg/d) was less effective in preventing breast cancer recurrences in obese women (HR = 0.84; 95% CI, 0.61-1.14) than in thinner women (HR = 0.64; 95% CI, 0.45-0.91). The significant elevation of musculoskeletal and menopausal symptoms in ATAC participants taking anastrozole versus tamoxifen (OR = 1.25; 95% CI, 1.11-1.40) was more pronounced in women with a BMI >30 kg/m 2 compared to those with BMI <25 kg/ m 2 (OR = 1.32; 95% CI, 1.14-1.53; P  0.0001) (48, 70) . Although obesity is associated with joint symptoms independent of endocrine treatment (71) , the ATAC findings suggest that a greater decrease in estrogen levels with aromatase inhibition in these women may also have contributed to their increased reporting of joint symptoms. The
